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Scope and Organization 

This report was developed by a team of analysts at Lawrence Berkeley National Laboratory, with 
Argonne National Laboratory contributing the transportation section, and is a DOE EPSA product and 
part of a series of “baseline” reports intended to inform the second installment of the Quadrennial 
Energy Review (QER 1.2). QER 1.2 provides a comprehensive review of the nation’s electricity system 
and cover the current state and key trends related to the electricity system, including generation, 
transmission, distribution, grid operations and planning, and end use.  The baseline reports provide an 
overview of elements of the electricity system.  This report focuses on end uses, electricity consumption, 
electric energy efficiency, distributed energy resources (DERs) (such as demand response, distributed 
generation, and distributed storage), and evaluation, measurement, and verification (EM&V) methods 
for energy efficiency and DERs. 

 
Chapter 1 provides context for the report and an overview of electricity consumption across all market 
sectors, summarizes trends for energy efficiency and DERs and their impact on electricity sales, and 
highlights the benefits of these resources as well as barriers to their adoption. Lastly it summarizes 
policies, regulations, and programs that address these barriers, highlighting crosscutting approaches, 
from resource standards to programs for utility customers to performance contracting.  
 
Chapters 2 through 5 characterize end uses, electricity consumption, and energy efficiency for the 
residential, commercial, and industrial sectors as well as electrification of the transportation 
sector. Chapter 6 addresses DERs—demand response, distributed generation, and distributed storage.  
 
Several chapters in this report include appendices with additional supporting tables, figures, and 
technical detail.  In addition, the appendix also includes a separate section that discusses current and 
evolving EM&V practices for energy efficiency and DERs, approaches for conducting reliable and cost-
effective evaluation, and trends likely to affect future EM&V practices. 
 

This excerpt is the Evaluation, Measurement, and Verification Appendix for the report. The 
full report is available at https://emp.lbl.gov/publications/electricity-end-uses-energy. 

 

Description of Energy Modelsa 

Unless otherwise noted, this report provides projections between the present-day and 2040 using the 
“EPSA Side Case,” a scenario developed using a version of the Energy Information Administration’s 
(EIA’s) National Energy Modeling System (NEMS).  Since the EPSA Side Case was needed for this and 
other EPSA baseline reports in advance of the completion of EIA’s Annual Energy Outlook (AEO) 2016, it 
uses data from EIA’s AEO 2015 Reference Case, the most recent AEO available at the time.  However, 
since AEO 2015 did not include some significant policy and technology developments that occurred 
during 2015, the EPSA Side Case was designed to reflect these changes.   
 
The EPSA Side Case scenario was constructed using EPSA-NEMs,b a version of the same integrated 
energy system model used by EIA. The EPSA Side Case input assumptions were based mainly on the final 
release of the 2015 Annual Energy Outlook (AEO 2015), with a few updates that reflect current 
technology cost and performance estimates, policies, and measures, including the Clean Power Plan and 

                                                                                                                     
a Staff from DOE’s Office of Energy Policy and Systems Analysis authored this description. 
b The version of the National Energy Modeling System (NEMS) used for the EPSA Side Case has been run by OnLocation, Inc., 
with input assumptions by EPSA. It uses a version of NEMS that differs from the one used by the U.S. Energy Information 
Administration (EIA). 

https://emp.lbl.gov/publications/electricity-end-uses-energy
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tax credits. The EPSA Side Case achieves the broad emissions reductions required by the Clean Power 
Plan. While states will ultimately decide how to comply with the Clean Power Plan, the Side Case 
assumes that states choose the mass-based state goal approach with new source complement and 
assumes national emission trading among the states, but does not model the Clean Energy Incentive 
Program because it is not yet finalized.  The EPSA Side Case also includes the tax credit extensions for 
solar and wind passed in December 2015.  In addition, cost and performance estimates for utility-scale 
solar and wind have been updated to reflect recent market trends and projections, and are consistent 
with what was ultimately used in AEO 2016. Carbon capture and storage (CCS) cost and performance 
estimates have also been updated to be consistent with the latest published information from the 
National Energy Technology Laboratory.  
 
As with the AEO, the EPSA Side Case provides one possible scenario of energy sector demand, 
generation, and emissions from present day to 2040, and it does not include future policies that might 
be passed or unforeseen technological progress or breakthroughs.  EPSA-NEMS also constructed an 
“EPSA Base Case” scenario, not referenced in this report, which is based primarily on the input 
assumptions of the AEO 2015 High Oil and Natural Gas Resource Case.  Projected electricity demand 
values forecast by the EPSA Base Case and Side Case are very close to each other (within 3% by 
2040).  However, the values forecast by the EPSA Base Case are closer to those that were ultimately 
included in the AEO 2016 Reference Case.  
 
EPSA Side Case data also are used when most-recent (2014) metrics are reported as a single year or are 
plotted with future projections. Doing so ensures consistency between current and forecasted metrics. 
Overlapping years between historical data and data modeled for forecasts are not necessarily equal. 
Historical data are revised periodically as EIA gathers better information over time, while forecasted 
cases, which report a few historical years, do not change once they are released to the public. 
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Appendix: Evaluation, Measurement, and Verification of Energy Efficiency 
and Distributed Energy Resource Activities 

This appendix describes current energy efficiency and distributed energy resource (DER) evaluation 
practices, issues associated with conducting reliable and cost-effective evaluation, and trends that may 
indicate how evaluation may be conducted and used over the next 25 years. Broadly, energy efficiency 
and DER evaluation activities include impact evaluations, savings projections (e.g., potential studies), 
process evaluations, market evaluations, and cost-effectiveness assessments. While terminology is not 
universally consistent within the efficiency industry, the term EM&V—evaluation, measurement, and 
verification—is often used as a catchall for all of these activities. Many associate the term EM&V with 
activities primarily designed to evaluate the impact of energy efficiency and DER programs or measures, 
which is a focus of this appendix. Also covered in this appendix are barriers to improving the application 
and quality of EM&V and the quality and availability of resulting data, policies that can help overcome 
those barriers, and gaps in our understanding. See the definitions of select EM&V terms that follow. 
Documenting the benefits of energy efficiency and DERs using credible and transparent methods is a key 
component of successfully implementing and expanding the role and efficacy of these resources. 
Therefore, providing evaluation-based data is not an end unto itself but an effective tool for supporting 
the adoption, continuation, and expansion of energy efficiency and DERs that are discussed in the body 
of this report. 
 
Figure 7.38. EM&V cycle1 

 
 
Documenting impacts of energy efficiency and DERs can improve performance of policies, programs, and 
regulations supporting these activities. 

Definition of Select EM&V Terms2 
 
Baseline is a set of conditions that would have occurred without implementation of the energy efficiency 
activity. Baseline conditions are sometimes referred to as business-as-usual. 
 
Deemed savings value, also called stipulated savings value, is an estimate of energy or demand savings 
for a single unit of an installed energy efficiency measure that: (1) has been developed from data 
sources and analytical methods that are widely considered acceptable for the measure and purpose and 



 

 2 

(2) is applicable to the situation being evaluated. Individual parameters or calculation methods can also 
be deemed.  
 
Demand savings is the reduction in electric demand from the baseline to the demand associated with 
the higher-efficiency equipment or installation. This term, in units of kilowatts (kW), is usually applied to 
billing demand to calculate cost savings or peak demand for equipment sizing purposes. 
 
Energy savings is the reduction in electricity consumption from the baseline to the demand associated 
with the higher-efficiency equipment or installation. This term, in units of kilowatt-hours (kWh), can be 
applied to hourly, monthly, seasonal, annual, or lifetime savings.  
 
Evaluation is the conduct of any of a wide range of assessment studies and other activities aimed at 
determining the effects of a program (or a portfolio of programs).  
 
EM&V is a catchall term used to describe the processes associated with determining both program and 
project impacts (versus a wider range of evaluation activities). 
 
Gross savings is the change in energy consumption, demand, or both that results directly from program-
related actions taken by participants in an energy efficiency policy or program, regardless of why they 
participated.  
 
Impact evaluation is an evaluation of the program-specific, directly or indirectly induced, changes 
associated with an energy efficiency program (e.g., changes in energy use). 
 
Market evaluation is an evaluation of the change in the structure or functioning of a market or the 
behavior of participants in a market, which results from one or more program efforts. Typically, the 
resultant market or behavior change leads to an increase in the adoption of energy efficient products, 
services, or practices.  
 
Measurement and verification (M&V) can be a stand-alone activity or a subset of program impact 
evaluation. In either case, it is associated with the documentation of energy savings at individual sites or 
projects.  
 
Net savings is the change in energy consumption, demand, or both that is attributable to a particular 
energy efficiency policy or program. 
 
Persistence is the duration of an energy-consuming measure, taking into account business turnover, 
early retirement of installed equipment, technical degradation factors, and other reasons that measures 
might be removed or discontinued.  
 
Process evaluation is a systematic assessment of an energy efficiency program for the purposes of 
documenting program operations at the time of the examination, and identifying and recommending 
improvements to increase the program’s efficiency or effectiveness for acquiring energy resources while 
maintaining high levels of participant satisfaction.  
 
Randomized controlled trial (RCT) is a type of experimental program evaluation design in which energy 
consumers in a given population are randomly assigned into two groups: a treatment group and a 
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control group. The outcomes for these two groups are compared, resulting in program energy savings 
estimates.  
 
Spillover (participant and non-participant) refers to reductions in energy consumption, demand, or both 
caused by the presence of an energy efficiency program, beyond the program-related gross savings of 
the participants and without direct financial or technical assistance from the program. There can be 
participant and non-participant spillover. Participant spillover is the additional energy savings that occur 
as a result of the program’s influence when a program participant independently installs incremental 
energy efficiency measures or applies energy-saving practices after having participated in the energy 
efficiency program. Non-participant spillover refers to energy savings that occur when a program non-
participant installs energy efficiency measures or applies energy savings practices as a result of a 
program’s influence.  
 
Technical reference manual (TRM) is a resource document that includes information used in program 
planning and reporting of energy efficiency programs. It can include savings values for measures, 
engineering algorithms to calculate savings, impact factors to be applied to calculated savings (e.g., net-
to-gross ratio values), source documentation, specified assumptions, and other relevant material to 
support the calculation of measure and program savings—and the application of such values and 
algorithms in appropriate applications.  
 
Verification is an assessment by an independent entity to ensure that the energy efficiency measures 
have been installed correctly and could generate the predicted savings. Verification may include 
assessing baseline conditions and confirming that the measures are operating according to their design 
intent. Site inspections, phone and mail surveys, and desk review of program documentation are typical 
verification activities. 
 

 Key Findings and Insights 

A number of technology, policy, and market drivers will influence the future of EM&V for energy 
efficiency and DERs (Figure 7.39). The following findings are organized by these three types of drivers. 
These findings may help predict future trends regarding uses of EM&V and the value placed on various 
metrics assessed with EM&V, and thus the methods, tools, and services that will need to be developed. 
Together with the EM&V research gaps identified in Section 7.7.5, these findings lead to the insights 
described here. An overarching insight is that if stakeholders develop greater confidence in the benefits 
of energy efficiency and DER investments without the need to document such benefits, the importance 
placed on ex-post EM&V may be reduced. That may lead to greater use of ex-ante deemed savings 
values and simpler verification activities. On the other hand, higher goals for energy efficiency and DERs, 
the need to assess new energy efficiency and DER technologies and strategies, increased use of energy 
efficiency and DER technologies in the operation of distribution and transmission systems, increased use 
of performance contracting and third-party financing, and expanded goals for reducing greenhouse gas 
emissions may drive greater interest in all types of EM&V data (including energy and non-energy impact 
metrics). This will be particularly true if new tools can make EM&V more accessible by reducing EM&V 
transaction costs, increasing data reliability, and increasing timeliness of data availability. 
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Figure 7.39. Drivers for future energy efficiency and DER EM&V 

 
 

 Technology Drivers 

Findings: 
 Advances in the EM&V industry are continually occurring with more experience and accelerated 

development of new technologies and analytical tools. Prominent development areas include 
continuous energy management, top-down evaluation, M&V 2.0, and assessments of non-energy 
impacts.  

 M&V 2.0 is an area of particular interest, where potential advances are based on access to better 
and more end-use energy consumption data from smart meters, advanced metering infrastructure 
(AMI), smart devices, and wireless and non-intrusive load metering (big data), as well as improved 
analytical tools. Such tools include automated M&V, benchmarking, and behavior analytics.  

 While there is increased interest in M&V 2.0 advances, other approaches to evaluation (deemed 
savings and control group approaches), particularly for energy efficiency, are likely to continue to be 
highly relevant to energy and demand savings determinations. 

 
Insights: Greater access to real-time and higher-time resolution data on energy consumption and 
independent variables (e.g., occupancy, plug load characteristics, control system settings), combined 
with the further development and implementation of advanced EM&V methods (e.g., M&V 2.0), may be 
able to provide deeper insights into energy use and energy use reduction and improve the speed at 
which change in energy consumption is determined at the desired levels of confidence (Section 7.7.5.2). 
 
Further use of and refinements to (E)M&V 2.0 and auto-M&V data collection and analysis, driven in part 
by private sector providers of such services under the Software as a Service (SaaS) business models, could 
result in lower cost and more reliable and timely EM&V-based information. By flagging performance issues 
associated with energy efficiency and DER projects and programs (such as lower than expected savings 
due to equipment failures or changing occupant behaviors), these EM&V advances can support near real-
time corrections that improve performance. However, to date there has been limited application of 
(E)M&V 2.0 processes (Sections 7.7.3.2 and 7.7.5.7). 
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Transmission and distribution system efficiency, building energy codes, appliance and equipment 
standards, and energy efficiency and DER financing programs are areas where EM&V is evolving (Sections 
7.7.5.8, 7.7.5.9, and 7.7.5.10). 

 

 Policy Drivers 

Findings: 
 Energy efficiency historically has been driven primarily by policy objectives associated with reducing 

energy consumption and displacing conventional, more-expensive, and more-polluting generation 
resources. Over time these policy objectives, as well as objectives for DER-related policies, have 
expanded to include other public policy goals, such as local economic development, grid resiliency, 
and renewable energy integration.  

 These new policy drivers can affect both the metrics assessed through the EM&V process and the 
relative importance of accurately determining the impacts of energy efficiency and DERs. Accuracy 
can take on increased importance as public and private funders invest more in energy efficiency and 
DERs, and policy makers rely more on these resources for meeting electricity needs reliably and 
cleanly.  

 One outcome of these higher expectations for energy efficiency and DERs is that the types of 
programs may expand—e.g., to include more aggressive energy codes and standards, more 
programs to reduce energy losses in transmission and distribution, more energy efficiency financing 
programs, and more integrated demand-side management (DSM) programs. This expansion of 
energy efficiency and DER program types will likely lead to the need for reliable EM&V for an 
expanding list of program types. 

 For energy efficiency and DER activities supported with utility customer funds or public funds, there 
is a continuing interest in understanding the level of impacts—particularly electricity savings—that 
can be attributed to the supported intervention (often referred to as net savings) versus the total 
impacts (often referred to as gross savings). However, this level of interest varies depending on the 
perspective of involved parties. For example, a utility regulator that is connecting performance of 
energy efficiency programs to a utility’s authorized earnings may want to know the attributable 
savings associated with the utility’s energy efficiency programs. On the other hand, a governor or air 
regulator may only be interested in gross savings metrics for energy efficiency programs for the 
purposes of resource planning or emissions accounting.  

 Supporters of M&V 2.0 may encourage jurisdictions to adopt gross savings and existing condition 
baselines as standards for measurement, as in California’s 2015 Assembly Bill 802.3 Such baseline 
standards can complicate issues of whether programs are delivering energy savings beyond what 
would have occurred absent the energy efficiency or DER program intervention—which can be an 
important objective of publicly or utility customer-funded programs. Thus, another possible 
outcome is that EM&V 2.0 tools eventually develop the capacity to overcome this limitation of only 
using existing condition baselines. 

 
Insights: Increasing interest in non-energy impacts will drive increasing effort for documenting these 
impacts, particularly for (Sections 7.7.3.3 and Section 7.7.5.11): 

 avoided emissions 
 grid impacts 
 economic development—e.g., jobs 
 consumer benefits—e.g., increased comfort and productivity 
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Further development of approaches for defining baselines and assessing net savings associated with 
determining savings attribution will enable greater understanding of programmatic approaches to 
increasing the levels of energy efficiency and DER penetration and impacts (Sections 7.8.3.2 and 7.8.6.5). 
 
Reliability of estimated measure lives and savings persistence for energy efficiency is increasingly 
important, indicating an increasing need for more research and documentation on these factors and 
better documentation of verification activities (See sections 7.7.4, 7.7.5.1, and 7.7.5.5,). 
Top-down evaluation is gaining more traction as a bottom-line indicator of performance for energy 
efficiency and DER programs and policies. More pilot programs to test this approach, with government 
support, will need to be conducted, with a focus on improving access to the data required for such 
evaluations (Sections 7.7.3.1 and 7.7.5.7). 

 

 Market Drivers 

Findings: 
 The objectives and perspectives of stakeholders involved in energy efficiency and DER activities also 

drive energy efficiency and DER markets. These diverse stakeholders include policy-makers, energy 
and environmental regulators, utilities, contractors, electricity consumers, businesses, and 
environmental advocates. Perspectives vary even within each of these groups. For example, 
perspectives of investor-owned utilities can be different from perspectives of municipal utilities and 
rural electric co-ops, and residential consumers may have different perspectives than industrial 
consumers. Following are three examples as they relate to EM&V: 

 
o Many consumers do not necessarily implement energy efficiency measures for the energy 

savings but to obtain other benefits such as increased system performance (e.g., variable 
speed drives in factories) or comfort (insulation in homes). For these consumers, the 
importance of a reliable energy savings determination (via M&V) may be quite limited. On 
the other hand, utility regulators and utilities themselves are often quite concerned with 
knowing, reliably, how energy efficiency and DER investments are performing. 
 

o It is typical to define baselines for utility customer programs, or a requirement in building 
energy codes or appliance or equipment standards, as some form of common practice. This 
is because it often makes sense from a public policy perspective not to use program funds to 
incent consumers to buy what they would have normally purchased or what they would be 
required to purchase—the attribution issue discussed above. The result is that it is common 
to define baselines for utility customer-funded programs based on existing building energy 
codes, appliance or equipment standards, or other considerations such as the remaining 
functional life of the equipment or systems being replaced.   

 
 However, consumers look for savings from a baseline of what they had before they implemented a 

project. In effect, they want to see the savings as compared to past energy bills, not hypothetical 
bills. Also, for many energy service company (ESCO) contracts for large commercial customers, 
baselines are defined based on the existing condition of a specific building. Thus, baselines from 
which savings are determined can differ across the types of delivery mechanisms, particularly for 
energy efficiency activities. 
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 From an overall electric grid perspective, DERs such as demand response and energy storage can 
provide benefits for reliability and integration of renewable resources. For utilities and grid 
operators, these benefits can exceed in importance individual consumer energy savings and drive 
interest in new metrics and new EM&V tools and approaches. Similarly, increased interest in 
reducing greenhouse gas emissions also can lead to new metrics, focusing on avoided emissions 
from the grid.  

 Therefore, EM&V uses, metrics, and even the need for EM&V, as well as requirements for reliability 
and timeliness of the EM&V results, vary by stakeholder. Much of the EM&V conducted in the 
United States to date for energy efficiency and demand response resources has been defined by the 
administrators and regulators of utility customer-funded programs. This could change in the future 
with evolving energy efficiency and DER activities and whether more or less of the funds for these 
activities are coming from the public (taxpayers), utility customers, or private financing providers. 
Meeting the needs of various stakeholders in turn drives energy efficiency and DER markets to focus 
on different strategies and different metrics for assessing these metrics, which in turn affects the 
EM&V to be conducted. 

 
Insights: Standardization across the energy efficiency and DER industries of EM&V terminology, 
approaches, and reporting, as well as training and certification of EM&V professionals, is improving, in 
part driven by federal and state efforts and increased use of efficiency and DER resources for 
environmental protection and as bulk electric system reliability resources. Areas of particular focus for 
standardization could include the following (Section 7.7.5.3): 
 Defining consistent baseline option definitions and when each can or should be applied, with 

clarifications on the difference between net savings, common practice baselines, and savings 
attribution 

 Greater understanding of the advantages and disadvantages of the various approaches for assessing 
impact attribution and, thus, how savings attribution metrics can be appropriately applied  

 Reporting of energy efficiency and DER metrics with consistent definitions and in consistent formats 
for benchmarking and comparison 

o Deemed savings are becoming more prevalent for energy efficiency equipment retrofit 
measures, with a corresponding increase in the validity of how the values are applied, 
documented, and used in order to decrease EM&V costs and increase certainty for energy 
efficiency funders, contractors, and consumers. The use of deemed savings requires that 
there be an understanding that the savings from implemented measures can vary based on 
usage, which requires caution in how deemed savings are applied. The appropriate use of 
deemed savings may be limited to behavior-based energy efficiency actions unless significant 
amounts of data can be provided that support such stipulation of average impacts (Sections 
7.7.2.1 and 7.7.5.7). 

o Statistical analyses using control group approaches (randomized control trials and quasi-
experimental) will continue as a preferred option for documenting impacts of mass-market 
energy efficiency and demand response strategies, such as whole-house retrofits. However, 
for control groups to be used more broadly, they will need to be adapted for applications 
where control groups cannot be readily identified (such as efficiency projects for 
nonresidential buildings) or where limiting access to programs in order to form control 
groups is seen as problematic. New efforts may be forthcoming to find ways to apply control 
group approaches to more program types, as well as to improve the methods themselves 
(Sections 7.7.2.1 and 7.7.5.7). 
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 EM&V Characterization  

 
This section describes current EM&V trends, approaches, and 
practices for determining energy savings, avoided air emissions, 
and other non-energy impacts. While the energy impacts of 
some DERs, such as distributed generation, can be directly 
measured, the impacts of energy efficiency and demand 
response activities, such as energy savings and demand savings, 
cannot be directly measured. Instead, impacts are estimated 
based on counterfactual assumptions. The need for 
counterfactual assumptions can create uncertainty and add 
time to the EM&V process, as well as create a fundamental 
need to balance the reliability of impact estimates with the cost 
of obtaining such estimates through EM&V. EM&V costs are 
difficult to document and even define, but are generally 
considered to add 1% to as much as 15% in rare cases to the 
cost of energy efficiency activities, with EM&V costs for third-
party evaluation of utility DSM efficiency programs typically on 
the order of 3% to 5% of total expenditures for these programs.  
Thus, while EM&V has substantial benefits for providing data to 
assess energy efficiency and DER activities, associated 
uncertainty, delays in program results, and costs can limit the 
commitment to and confidence in energy efficiency activities. 
 

 Generic EM&V Categories and Methods 

Evaluation includes any of a range of retrospective assessment 
studies and other activities aimed at determining the effects of 
energy efficiency and DER policies, portfolios, programs, or 
projects. Evaluation can document metrics such as performance 
(e.g., energy and demand savings, avoided air emissions), 
changes in markets (e.g., changes in product and services availability and pricing), and cost-
effectiveness. There are three broad categories of energy efficiency and DER evaluations: impact 
evaluations, process evaluations, and market evaluations. 
 
This appendix focuses on impact evaluation of both (1) programs, portfolios, and policies, and (2) 
individual projects. Evaluation is the typical term associated with assessing programs (and program 
portfolios and policies); M&V is associated with assessing project impacts. There can be some overlap 
between M&V and evaluation since programs are often made up of individual projects. Thus, impacts 
determined with M&V for all, or representative, projects in a program can be combined to assess the 
impacts of the underlying program.  
 

This appendix covers ex-post 
evaluation of energy efficiency and 
DER activities. Another form of 
evaluation is ex-ante 
determination of savings potential. 
These determinations are 
documented in feasibility studies 
or potential studies, which are 
intended to assess potential 
savings and benefits from future 
projects or programs, respectively. 

An industry standard guide to 
EM&V is the SEE Action Energy 
Efficiency Program Impact 
Evaluation Guide. It describes and 
provides guidance on approaches 
for determining and documenting 
energy and non-energy benefits 
resulting from energy efficiency 
programs and portfolios of 
programs. It specifically focuses on 
impact evaluations for ratepayer 
funded programs designed to 
reduce facility (e.g., home, 
commercial building, factory) 
energy consumption, demand, or 
both—as well as related air 
emissions. The guide is available 
at: www.seeaction.energy.gov.  

 
 

http://companyweb/Offices/Colorado%20Documents/www.seeaction.energy.gov
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 Evaluation of energy efficiency and demand 
response program and portfolio evaluation started 
in the 1980s, with the development of programs 
operated by utilities. Starting in the early 1990s, 
handbooks, guidelines, and protocols were 
developed for utility DSM programs, some prepared 
by individual utilities or state public utility 
commissions and others supported by the U.S. 
Department of Energy (DOE).  While evaluations 
also can be performed for other DER strategies, 
such as distribution generation and energy storage, 
the focus of EM&V activities for the last 40 years has 
been on energy efficiency and demand response. 

 
 M&V focuses on assessing individual measures or 

project impacts using project site measurements 
and inspections (verification) activities. M&V was 
first developed for energy efficiency in the 1980s to 
support the nascent ESCO industry to document 
savings, which continues to be critical for ESCO 
performance-based contracts with savings 
guarantees.  The National Association of Energy 
Service Companies developed the first M&V 
guidance documents. Shortly thereafter, in the 1990s, the North American Energy M&V 
Guidelines (NAEMVP), the Federal Energy Management Program (FEMP) M&V Guidelines, and 
the American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) M&V 
Guidelines were developed with support from DOE and industry groups. Other efforts at 
individual companies, utilities, and universities also supported the creation of M&V 
methodologies, metering, and analysis tools. The FEMP and ASHRAE guidelines have been 
expanded and modified over the last two decades. The NAEMVP evolved into the International 
Performance Measurement and Verification Protocol (IPMVP), now the most recognized 
international M&V guidance document 

 
The IPMVP defines four M&V options for determining the energy and demand savings from projects: 
two end-use metering (retrofit isolation) approaches (IPMVP Options A and B), energy use data (billing 
data) regression analysis (IPMVP Option C), and calibrated computer simulation (IPMVP Option D). In 
addition, DOE has an M&V initiative called the Uniform Methods Project (UMP). Starting in 2013, DOE 
began publishing UMP protocols to determine measure and project energy savings. The protocols 
provide standardized, common practice M&V methods for determining gross energy savings for many of 
the most common residential and commercial measures and programs offered by administrators of 
energy efficiency programs in the United States for utility customers. 

Examples of Industry-Standard 
M&V Protocols and Guidelines 

IPM VP: International Performance 
Measurement and Verification 
Protocol: Core Concepts 2015, 
Efficiency Valuation Organization. 
www.evo-world.com. 
FEMP: M&V Guidelines: Measurement 
and Verification for Performance-Based 
Contracts, Version 4.0. Prepared for the 
U.S. Department of Energy Federal 
Energy Management Program. 
http://energy.gov/eere/femp/downloa
ds/mv-guidelines-measurement-and-
verification-performance-based-
contracts-version. 
ASHRAE Guideline 14:  Measurement 
of Energy and Demand Savings. 
American Society of Heating, 
Refrigerating, and Air Conditioning 
Engineers. http://www.ashrae.org.  
U.S. DOE UMP: Uniform Methods 
Project. http://energy.gov/eere/about-
us/ump-protocols. 
  

http://companyweb/Offices/Colorado%20Documents/www.evo-world.com
http://energy.gov/eere/femp/downloads/mv-guidelines-measurement-and-verification-performance-based-contracts-version
http://energy.gov/eere/femp/downloads/mv-guidelines-measurement-and-verification-performance-based-contracts-version
http://energy.gov/eere/femp/downloads/mv-guidelines-measurement-and-verification-performance-based-contracts-version
http://energy.gov/eere/femp/downloads/mv-guidelines-measurement-and-verification-performance-based-contracts-version
http://www.ashrae.org/
http://energy.gov/eere/about-us/ump-protocols
http://energy.gov/eere/about-us/ump-protocols
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Today, most utility efficiency and DER programs have some form of evaluation guidelines in place. M&V 
is one way that programs are evaluated; for example, M&V is applied to a sample of projects, and the 
results are applied to the entire program population of projects. However, there are two other distinct 
methods commonly used for program assessments: (1) using deemed (also called stipulated) savings 
values and calculations, and (2) comparison group methods. Using deemed savings is not considered 
M&V, as M&V (as defined by the IPMVP) always requires some level of site measurements (see text 
box). 

 
For energy efficiency, determining energy savings includes: (1) verifying that a measure or project has 
been installed and, in some cases, that it is properly operating, and (2) quantifying savings. With 
deemed savings, verification is a critical element of the overall evaluation process. As discussed in the 
text box, verification may or may not be an integral part of M&V activities. However, under the 
comparison group method, the evaluation approach may in effect include both steps in a single process.  
 
The United States’ EM&V experience has been used in other countries through programs such as those 
of the World Bank, United States Agency for International Development, and the International Energy 
Agency (IEA). An example of IEA-organized transfer of EM&V technology and experience is efforts of the 
IEA Demand Side Management Energy Efficiency program, an international collaboration of 16 countries 
and sponsors, including the United States, working together to develop and promote opportunities for 
DSM.4 In addition, the Energy Efficiency Division at the IEA has relied on U.S. experts for many of its 
publications that address EM&V topics.a 
 

                                                                                                                     
a See the IEA’s Energy Efficiency webpage for a list of publications, many featuring United States’ programs and case studies, 
accessed February 25, 2016: http://www.iea.org/topics/energyefficiency/. 

Industry Standard Evaluation Approaches/Methods for Energy Efficiency and Demand Response 
Deemed savings values are estimates of electricity savings for a single unit of an installed energy efficiency measure 
that: (1) have been developed from data sources (such as prior metering studies) and analytical methods that are 
widely considered acceptable for the measure and purpose, and (2) are applicable to the situation under which the 
measure is being implemented. When deemed savings are used to quantify electricity savings, a separate verification 
process is needed to confirm the quantity of units installed. Deemed savings should be updated, as needed, based on 
measurement-based evaluation information.  
 
Measurement and verification is the process of determining savings from individual energy efficiency measures or 
projects. The IPMVP defines two retrofit isolation options and two whole-facility options:  

 Retrofit isolation: Assessing savings from each energy efficiency measure individually (IPMVP Options A & B). 
Verification is an integral part of Options A and B since the measurement process involves direct observation of 
all or a sample of the affected equipment. 

 Whole facility: Collectively assessing savings from all energy efficiency measures in a facility (IPMVP Option C, 
review of energy bills, or Option D, calibrated simulation). With Option C, the energy consumption data speak 
for themselves with respect to savings, and thus inspections may not be required. However, it is a best practice 
to include some site inspections. With Option D the calibration process typically involves some level of site 
inspections and thus verification. 
 

Comparison group EM&V methods determine program savings based on the differences in energy consumption 
between a comparison group and program participants. Comparison group approaches include randomized control 
trials and quasi-experimental methods. Because the effects of implemented measures are reflected in the observed 
participant-comparison differences, separate verification is not required.  
 

 

http://www.iea.org/topics/energyefficiency/
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 EM&V Practices—Energy and Demand Savings 

Current Industry EM&V Practices 
 
Impact evaluation has primarily been used for, and is most developed for, utility energy efficiency and 
demand response programs and projects implemented directly by ESCOs. Energy efficiency EM&V 
strategies in wide use today—including budget levels, oversight procedures, and preferred methods—
are derived from utility regulatory agency requirements together with industry standard energy 
efficiency EM&V and M&V protocols (see text box). For a given program or project, the specific EM&V 
approach that is applied depends on the type of activity, overall policy objectives, available budgets, and 
other factors.  
 
Demand response program EM&V has also been developed based primarily on utility program impact 
evaluations, starting with demand response programs in the 1990s in states such as California, Colorado, 
Minnesota, and Texas. As with energy efficiency, demand response EM&V involves comparing measured 
(actual) energy consumption over a specific period of time (e.g., utility coincident peak demand hours) 
with a counterfactual demand either in aggregate (for example, with a residential air-conditioning 
cycling program) or per site (such as with an industrial demand response program). Today, the most 
well-known documented M&V methods are those used by two Independent System Operators (ISOs)—
ISO New England (ISO-NE) and PJM, first implemented in 2007 and 2009, respectively. These 
organizations have established forward capacity markets that pay suppliers of demand-side resources. 
The oversight and quality control of energy efficiency resources that are bid into the market are 
governed by M&V rules and requirements defined in evaluation manuals established by these 
organizations.5 
 
For building energy codes and product energy efficiency standards, the situation is different with respect 
to retrospective EM&V. While ex-ante estimates of the impacts of building energy codes and product 
standards are completed regularly as they are developed and adopted, ex-post quantification of energy 
savings from building energy code adoption and compliance activities is not as common or well 
established. The primary code adoption and compliance impact evaluation work to date has been 
completed in six states (Arizona, California, Massachusetts, New York, Oregon, Rhode Island, and 
Washington) and at Pacific Northwest National Laboratory (PNNL)6 for DOE. These states have 
regulatory structures that define acceptable procedures for quantifying savings from building energy 
code programs and attribute code program savings to energy efficiency program administrators.7 
Similarly, only a limited number of ex-post energy saving studies have been completed for product 
energy standards. California has conducted three cycles of energy code and appliance standard 
evaluations for its statewide Codes and Standards Program.8 
 
DOE released a federal Funding Opportunity Announcement, “Strategies to Increase Residential Energy 
Code Compliance Rates and Measure Results,”9 in 2014. To support the evaluation of pilot programs 
conducted under this initiative, PNNL is modifying evaluation procedures, released in 2010,10 to develop 
a new residential energy code compliance and energy savings methodology. 
 
EM&V performed for distributed generation and storage at utility customer sites is far more 
straightforward because, under current practice, it does not involve development of a counterfactual 
scenario. For example, the output of solar photovoltaic (PV) systems is simply measured with a utility-
grade meter to determine generation output. Metrics reported for storage, such as round-trip energy 
losses, also use a utility-grade meter to measure electricity input and output.  
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Table 7.10 provides a heuristic indication of which EM&V approaches are used for various types of 
programs and projects. The most common EM&V approach is deemed savings values. These values, if 
properly developed and applied, can support reliable savings estimates. They also provide certainty for 
all the parties involved in an energy efficiency or DER transaction.  
 
Table 7.10. Common EM&V Approaches for Select Energy Efficiency and Demand Response Categories 
and Project Types 

  EM&V Methods 

 Deemed Savings Measurement and 

Verification 

Comparison 

Groups 

Program Categories  

Utility Programs: direct 

action measuresa 

Very common Common Common 

Utility Programs: indirect 

action measuresb 

Common  Not common Common  

ESCO Energy Efficiency 

Projects 

Common Very common Not used 

Building Energy Codes Common Can be used Can be used 

Product Standards Common Can be used Can be used 

Energy Storage Common Very common Can be used 

Industrial Strategic Energy 

Management and 

Voluntary Efforts 

Common Common Not used 

                                                                                                                     
a Direct action programs are those that result in the direct, explicit installation of pieces of equipment or systems, as well as 
modifications of equipment, systems, or operations. Examples include consumer product rebates, incentives or technical 
assistance for construction of new buildings, and street lighting retrofits. 
b Indirect action programs are those intended to facilitate or indirectly result in installation of equipment or systems, as well as 
modifications of equipment, systems, or operations. Examples include consumer behavior programs; marketing, education and 
outreach programs; and workforce education and training programs. 
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Demand Response Can be used Very common Can be used 

Distributed Generation: PV Common Very common Can be used 

Distributed Generation: 

CHP 

Can be used Very common Can be used 

Storage Can be used Very common Can be used 

Project Types  

Simple, Well-Defined 

Individual Projects 

Very common Can be used Not used  

Complex, Unique 

Individual Projects 

Not used Very common Not used 

Large Number of Relatively 

Homogenous Projects 

Very common Can be used Common 
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Technical Reference Manuals (TRMs) are databases of standardized, state- or region-specific deemed 
savings calculations and associated deemed savings values for well-documented efficiency measures. 
Efficiency program administrators and implementation contractors use TRMs to reduce evaluation costs 
and uncertainty. There are approximately 20 TRMs in use across the United States. A 2011 report found 
that TRMs are very valuable, but there is wide variation in methodologies for estimating savings and 
actual values.11 Some TRMs include information based on prior year evaluations including, in some 
cases, rigorous metering and analysis. Thus, these TRMs contain robust (reliable) savings values. Many 
others have values based on what may be considered less rigorous analyses. With the exception of the 
Northwest Regional Technical Forum, which uses a public peer-review process to determine consistency 
with clear guidelines, TRMs typically are created by skilled teams of expert consultants, but these teams’ 
methods and assumptions are not necessarily peer-reviewed prior to approval.  
 
The U.S. Environmental Protection Agency (EPA) Clean Power Plan (CPP) indicates that well-crafted and 
documented deemed savings values are an acceptable EM&V method that can provide consistency, 
quality Emission Rate Credit values, and cost-effective EM&V. As indicated in the draft CPP EM&V 
Guidance document, “Ongoing and new state, regional, and federal efforts to improve the quality and 
documentation of TRMs are encouraged and can support higher-quality savings values for compliance 
with the EPA’s emissions guidelines and reduced EM&V costs.”12 a Furthermore, anecdotal information 
indicates that deemed savings values are very commonly used for savings determinations with utility 
energy efficiency programs and are also applied in some ESCO projects.  
 
Measurement and verification methods are another approach to EM&V for utility customer-funded 
energy efficiency and demand response programs as well as ESCO projects. The IPMVP retrofit isolation 
methods, IPMVP Options A and B, and the billing analysis approach of using a project’s pre-project and 
post-project utility bills for analysis, appear to be the more common M&V methods, versus calibrated 
simulations, IPMVP Option D. One study of DOE’s Energy Savings Performance Contract program further 
indicated that for those ESCO projects, the most common M&V approaches were IPMVP Options A and 
B.13 These have historical limitations associated primarily with cost of metering (equipment and labor), 
which project participants are not interested in paying for, particularly over the life of projects. This may 
be changing with the M&V 2.0 developments discussed in the next section of this appendix. 

 
A third approach, comparison group analyses with non-participant control groups, has been used for 
decades for residential efficiency programs with large numbers of relatively homogenous participants. 
There has been renewed interest in this approach for a wide range of program types, as a potential gold 
standard of savings determination. At least in theory, comparison group analyses assess the savings just 
associated with the efficiency activity or DER activity, and not changes in energy consumption or 
demand associated with outside factors such as changes in the economy and energy prices or savings 
from those consumers who would have completed the projects outside of program influences (e.g., free 
riders).b The challenges for comparison group approaches include reasonably applying them to 
populations of non-homogenous, customized projects (such as efficiency in commercial, institutional, 
and industrial facilities) and structuring a control group; particularly if done randomly (at least in part to 

                                                                                                                     
a This is also consistent with EPA’s final CPP Emission Guidelines, which indicate that state plans must require “a demonstration 
of how savings will be quantified and verified by applying industry best-practice protocols and guidelines, as well as explanation 
of the key assumption and data sources used.” From FR 64909, accessed May 5, 2016, https://www.gpo.gov/fdsys/pkg/FR-
2015-10-23/pdf/2015-22842.pdf.  
b How well the control group approach, in practice, achieves true incremental and net impacts depends on the specific 
approach applied (randomized control trials are more reliable than quasi-experimental methods) and how well the approach is 
implemented. 

https://www.gpo.gov/fdsys/pkg/FR-2015-10-23/pdf/2015-22842.pdf
https://www.gpo.gov/fdsys/pkg/FR-2015-10-23/pdf/2015-22842.pdf
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avoid self-selection biases), that may mean that some eligible consumers do not get to participate in the 
efficiency activity. Costs for well-designed and implemented control group analyses, especially when 
randomized control groups are used, may exceed costs for other approaches, particularly the use of 
deemed savings. 

 EM&V Practices—Energy Impact Metrics 

Energy and Demand Savings  
EM&V is used to determine both energy and demand savings. The most typical metrics for energy 
savings are annual and lifetime savings. In some cases, monthly or even hourly savings are determined 
for purposes such as detailed cost-effectiveness analyses or for troubleshooting possible deficiencies in 
the performance of efficiency measures. Metrics for demand savings can be more complex. They are 
presented in the form of annual or seasonal average savings, maximum demand reductions, or demand 
reductions coincident with peak demand characteristics of the electric grid. Methods used to estimate 
demand savings may not be the most appropriate method to estimate energy savings―and vice versa.14 
Some approaches for estimating annual energy savings (such as monthly billing data analysis) do not 
provide peak demand savings directly. Table 7.11 is a summary of approaches to determine peak 
demand and time-differentiated energy savings. 

 
Table 7.11. Demand Savings Determination Approaches for Peak and Time-Differentiated Savings15 

 

Gross and Net Savings 
There are two common ways in which energy savings are reported for energy efficiency programs 
funded by utility customers:16 
 

 Gross savings: Changes in energy consumption that result directly from program-related actions 
taken by participants of an energy efficiency program, regardless of why they participated. 

 Net savings: Changes in energy use that are attributable to a particular energy efficiency 
program. These changes may implicitly or explicitly include the effects of free ridership, spillover, 
and induced market effects. 



 

 16 

 
Free ridership is the program savings attributable to program participants who would have implemented 
a program measure or practice in the absence of the program. Free ridership savings are included in 
gross savings, but are typically removed from net savings. Spillover refers to additional reductions in 
energy consumption or demand that are due to program influences beyond those directly associated 
with program participation. Spillover savings are not included in most gross savings determination 
methods, but are sometimes included in net savings determinations. Market effects refer to “a change 
in the structure of a market or the behavior of participants in a market that is reflective of an increase in 
the adoption of energy efficiency products, services, or practices and is causally related to market 
intervention(s).”17 
 
Net savings apply only to certain energy efficiency program categories, primarily programs funded by 
utility customers and, in the cases where they are evaluated, building energy codes and product 
standards. ESCO projects and other types of individual consumer actions are only assessed on the basis 
of gross savings, as the issue of attribution is not relevant to the project participants and funders. In 
terms of how different jurisdictions define net savings, and which of the above factors are included, a 
2012 American Council for an Energy-Efficient Economy study found that states are not consistent as to 
whether they report gross savings, net savings, or both, and in terms of net savings there appears to be 
more states making free rider adjustments than spillover adjustments.18 a 

 
Evaluators generally agree that net savings research can be useful for:19 

 
 Gaining a better understanding of how the market responds to programs and using that 

information to modify the program design 
 Gleaning insight into market transformation over time by tracking net savings across program 

years and determining the extent to which free ridership and spillover rates have changed 
 Informing resource procurement plans, which require an understanding of the relationship 

between efficiency levels embedded in base-case load forecasts and additional net reductions 
from program 

 Assessing the degree to which programs effect a reduction in energy use and demand.  

Cost-Effectiveness 
Cost-effectiveness is of keen interest to policy makers, utility regulators, program providers, and 
consumers. Definitions of cost-effectiveness vary according to the perspectives of different stakeholders. 
Table 7.12 provides the classic definitions of cost-effectiveness as defined in the California Standard 
Practice Manual. More recent work to update cost-effectiveness testing frameworks for efficiency and 
demand response has been recently completed20 or is underway.21 
 
  

                                                                                                                     
a It is important to recognize that the study survey did not specify any particular definition of what qualifies as net or gross 
savings. Rather, the survey allowed states to categorize their own approach. The report states, “… 21 states (50%) said they 
reported net savings, 12 states (29%) said gross savings, and 9 states (21%) said they report both (or use one or the other for 
different purposes). We explored the net savings issue in a little more detail, and asked whether states made specific 
adjustments for free riders and spillover. Interestingly, while 28 states (67%) indicated they make an adjustment for free riders, 
only 17 states (44%) make an adjustment for free drivers/spillover.” 
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Table 7.12. Standard Definitions of Cost-Effectiveness for Energy Efficiency22  

 

The results of impact evaluations typically provide data for cost-effectiveness determinations. Data 
required can include monetized benefits (primarily energy and demand savings), project costs, program 
costs, project lifetime and, in some cases, non-energy benefits (see the next section). The findings help 
judge whether to retain, revise, or eliminate program elements and provide feedback on whether 
efficiency is an effective investment, compared with energy supply options. The quality of data used for 
cost-effectiveness determination, particularly factors such as project lifetimes and project costs, varies.23 
As EM&V methods become more accurate and less expensive to administer, they will also help improve 
the analysis of the cost-effectiveness of energy efficiency program administration.  
 

 EM&V Trends  

The prior section described current EM&V practices. 
General trends associated with advancing current 
practices are improving the quality (i.e., accuracy, 
reliability) of energy and demand savings estimation as 
well as non-energy impacts, the speed at which EM&V 
results are available, and consistency in the terminology 
and procedures associated with EM&V. These are driven 
by changes in technologies, policies, and markets 
(including stakeholder perspectives) as summarized in 
the Findings and Insights subsection at the beginning of 
this appendix. In addition to these “natural” or 
“maturing” improvements in EM&V, this section 
discusses three specific EM&V approaches and metric 
trends: top-down evaluation, EM&V 2.0, and impact 
evaluation of non-energy benefits. The accompanying 
text box describes continuous energy management, 
which uses M&V-type information to directly improve the performance of energy efficiency and DER 
technologies and systems. 
 

Continuous Energy Management 
DOE has fostered the development of 
standardized practices to incorporate energy 
management into business management 
through programs such as Better Plants, ISO 
50001 and Superior Energy Performance. 
These programs incorporate transparent and 
rigorous tracking of energy usage to regularly 
identify opportunities for continuous 
improvement in energy performance (energy 
savings). 

See “Current Practice: Energy Efficiency 
Savings Determination,” SEAB Task Force on 
Federal Energy Management, Sept. 11, 2015, 
William C. Miller, Lawrence Berkeley National 
Laboratory 
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 Top-Down Evaluation 

Top-down evaluation involves macroeconomic modeling, in contrast to the EM&V approaches and 
methods described above which are sometimes referred to as bottom-up evaluation. Top-down 
evaluation involves evaluating portfolios of energy efficiency programs using: (1) aggregate (e.g., utility 
service area, county, Census block) energy use or per-unit energy consumption indices (e.g., energy 
consumption per unit of output or per capita), and (2) energy-use driver data (e.g., income, prices, 
population) to determine savings from portfolios of programs. 
 
Top-down evaluation focuses on the bottom line—reductions in energy use (and/or demand) for a state, 
region, or utility service territory. This gives top-down evaluation a direct link to (1) demand forecasting 
and resource planning, and (2) emissions accounting and forecasting—for example, as used to track 
progress toward achieving state goals for reducing greenhouse gas emissions. A limited number of top-
down evaluations and pilot studies have been performed. Perhaps the most current were prepared in 
2015 as part of a multi-year initiative designed to assess the utility of top-down modeling as a viable 
technique for evaluating energy efficiency programs in Massachusetts.24 These evaluations showed 
promising potential but also indicated that more effort is required to refine analysis tools and improve 
access to data.25 

 EM&V 2.0 

EM&V 2.0 is catchall term for recent advances in metering, data availability, and analytical tools 
associated with documenting the energy and demand savings from specific energy efficiency measures 
or projects. EM&V 2.0 involves applying these advances to program evaluations. One rapidly developing 
area of EM&V 2.0 is automated M&V (auto-M&V), which can use a combination of automated data 
collection (e.g., 15-minute, hourly, or monthly energy data and corresponding temperature data)  and 
processing, machine learning, and open-source or “black-box” analytical tools to calculate savings at a 
site or at the program level. These tools use independent variable data that can be readily obtained 
(e.g., ambient temperatures and time of day, day of week, season). This is similar to energy billing 
analyses that have been conducted for decades, but using richer data sets and better analytics. 
 
Another developing field is behavioral analytics, which involves drawing insights from high-frequency, 
human-focused data that reflect how people behave—for example, data that indicate how much energy 
people are consuming on an hourly basis, thus indicating which appliances they are using. This kind of 
analysis has the potential to provide tremendous value to a wide range of energy programs. For 
example, using highly disaggregated and heterogeneous information about actual energy use, program 
implementers may be able to target specialized energy efficiency or demand response programs to 
specific households, conduct EM&V of programs on a much shorter time horizon than previously 
possible, and provide better insights into the energy and peak-hour savings associated with specific 
types of energy efficiency and demand response programs (e.g., behavior-based programs).26 
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The potential benefits of (E)M&V 2.0, particularly with auto-M&V, include the following:  
 

 The time period for analyses can be reduced from the typical 9 to 12 months of pre- and post-
project implementation data to as little as just a few weeks of data collection and analyses to 
reliably determine savings, making results available faster.a 

 The overall cost of (E)M&V will be lower, which reduces a barrier to investment in efficiency by 
consumers and utilities. 

 More standardized analytics will enable a strongly constructed, reliable calculation-checking 
process. 

 
In the future, determining energy and demand savings from efficiency programs has the potential to be 
dramatically different than the current paradigm because of smart grid investments, combined with 
other technological advances in residential interval meter data, nonintrusive load monitoring, and 

                                                                                                                     
a A recently released research report reviews the efficacy of short-term metering: ASHRAE RP-1404, 
http://www.techstreet.com/products/1872406. 

EM&V 2.0 Methods and Data Collection Tools 

 
M&V 2.0 is formally defined as “The leveraging of smart grid investments, advances in interval meter data, 
nonintrusive load monitoring, and equipment-embedded sensors and controls to provide new tools with 
potential to reduce the cost of M&V, produce more timely results with higher confidence and transparency, 
and thereby increase the acceptance of the savings calculations.”* These concepts have been further 
applied to evaluation to create another term—EM&V 2.0.**  
 
Examples of EM&V 2.0 methods and data collection tools include the following: 

 “Big Data” analytics - process of examining large quantities of data to uncover hidden patterns, 
unknown correlations and other useful information that can be used to make better decisions 

 Automated M&V – calculating savings without direct human interaction 

 Behavior analytics - providing insights into how people make energy decisions 
 Benchmarking - measuring a building’s energy use and then comparing it to the average for similar 

buildings, to allow owners and occupants to understand their building's relative energy performance 
and help identify opportunities to cut energy waste 

 Smart meters and advanced metering infrastructure (AMI) – utilizing short time frame interval 
meter data 

 Smart devices—e.g., thermostats, appliances and energy management systems 
 Wireless metering – utilizing transducers that do not need to be connected to monitoring stations via 

wires 
 Non-intrusive load metering - analyzing changes in the voltage and current going into a building or 

the run times of in-house systems, and deducing what appliances or equipment are in use and 
measuring their energy consumption 

References:  

 Jessica Granderson, Samir Touzani, Claudine Custodio, Michael Sohn, Samuel Fernandes, and David Jump, 

Assessment of Automated Measurement and Verification (M&V) Methods, Lawrence Berkeley National Laboratory, 

July 2015, LBNL-187225, 5. 

** Tom Eckman, “EM&V 2.0 – New Tools for Measuring Energy Efficiency Program Savings,” Electric Light & Power 

Newsletter, February 2014, http://www.elp.com/Electric-Light-Power-Newsletter/articles/2014/02/em-v-2-0-

new-tools-for-measuring-energy-efficiency-program-savings.html. 

 

http://www.techstreet.com/products/1872406
http://www.elp.com/Electric-Light-Power-Newsletter/articles/2014/02/em-v-2-0-new-tools-for-measuring-energy-efficiency-program-savings.html
http://www.elp.com/Electric-Light-Power-Newsletter/articles/2014/02/em-v-2-0-new-tools-for-measuring-energy-efficiency-program-savings.html
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equipment-embedded sensors and controls that will give evaluators new tools with the potential to 
reduce the cost of EM&V, produce more timely results, and increase the acceptance of the savings 
calculations.27 
 
Two recent papers reviewed key trends in the changing EM&V paradigm and the implications new 
industry developments have on current and future EM&V practices and activities: 
 

 From the American Council for an Energy-Efficient Economy (ACEEE): “The energy efficiency 
sector has long sought the ability to measure energy savings as they happen. While this has not 
been fully realized, we are getting closer. ICT [Information and Communications Technologies] is 
simplifying the harvesting of savings data, improving the quality of analysis, and increasing the 
timeliness of reporting. All of these features improve energy efficiency programs and enable 
energy efficiency markets. By extension, they contribute to greater energy savings throughout 
the economy.”28  

 From the Regional Evaluation, Measurement, and Verification Forum: “Advanced data collection 
and analysis tools and systems offer new opportunities for understanding and engaging 
customers, offering value to project and program delivery as well as to evaluation…. There 
remain important evaluation challenges that are not solved by greater volumes or frequency of 

consumption data, or higher speeds of data processing.”29   
 
There are several challenges associated with EM&V 2.0, including the current limited availability of high-
resolution data (many jurisdictions do not have AMI data) and, to date, the simple lack of experience 
with the application of (E)M&V 2.0 (as mentioned below).  However, one particularly important possible 
concern is that currently automated EM&V, and EM&V 2.0 in general, only determine gross savings 
metrics based on baselines that are pre-project, existing conditions. These methods do not provide 
savings relative to standard efficiency equipment (e.g., building energy codes, equipment standards, or 
common practice), considered net savings under some scenarios. Nor do these methods address 
attribution of savings. As noted by the above-referenced ACEEE paper, attribution of savings (net 
savings, see discussion below) and other issues require further efforts by the efficiency industry: “The 
policy challenges of net versus gross savings will not go away with the addition of ICT. And issues related 
to data ownership, access, privacy, and security are likely to persist for a while. Other policy issues 
include the need for agreement on confidence levels, recovery of ICT infrastructure costs, and 
standardization of EM&V protocols across service territories and state lines.”30 
 
In some cases, these EM&V 2.0 advances may already be incorporated into current EM&V practices. 
However, specific EM&V 2.0 pilots and examples are difficult to identify.31 One example is the evaluation 
of the PowerStream (a Canadian utility) Advanced Power Pricing pilot, a technology-enabled variable 
peak-pricing pilot program.a Evaluation of the program relies on interval data from all participants, but 
also from all eligible non-participants. Nonparticipant interval data over a two- to three-year period is 
being used to develop the set of control customers to be used, based on the matching of intra-daily, 
day-type specific load profiles. The evaluation (currently in progress) is leveraging thermostat-collected 
data to segment participants and improve estimated impact precision. Outputs include automated 
plotting of load profiles across a large number of cross-sectional elements of every summer day.32 
 

                                                                                                                     
a Generally, variable peak pricing is a hybrid of standard time-of-use and real-time pricing. The peak period is defined in 
advance, but the price established for the on-peak period varies by system or market conditions. 
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A number of companies offer auto-M&V products for administrators of energy efficiency and demand 
response programs operated by utilities or third-party administrators, primarily under the SaaS model—
a software licensing and delivery model in which software is licensed on a subscription basis and is 
centrally hosted. Figure 7.40 indicates typical service offerings for auto-M&V.  
 
Figure 7.40. Typical service offerings of auto-M&V SaaS vendors33 

  
  

 Assessing Non-Energy Impacts  

Beyond energy and demand savings, there are a number of impacts associated with energy efficiency 
and DER programs that are commonly called non-energy benefits or, perhaps more accurately, non-
energy impacts because these impacts can be positive or negative. Non-energy impacts can be 
categorized as those accruing to the utility system, society as a whole, and individual participants.34 

Some research indicates that the value of benefits to society as a whole and individual participants make 
up the bulk of the value of non-energy impacts (versus utility system non-energy benefits).35 36  
 
Examples include reduced air emissions and other environmental benefits, productivity improvements, 
health benefits such as reduced asthma cases, jobs created and local economic development, reduced 
utility customer disconnects, greater comfort for building occupants, lower maintenance costs due to 
better equipment or, conversely, increased maintenance costs due to new and more complex systems.  
Another benefit of energy efficiency programs, which could be considered either an energy or non-
energy benefit, is demand reduction-induced price effects (DRIPE). This element is the potential 
monetary benefit to all electric consumers that comes from reduced demand for electricity.37 
Several states are now including non-energy impacts in their evaluations of energy efficiency programs 
funded by utility customers, but not many. In particular for cost-effectiveness analyses, the ACEEE 2012 
review of evaluation practices indicated the following:38 
 

.... while 36 states (including all the states with TRC [total resource cost] as their primary 
[cost-effectiveness] test) treated “participant costs” for the energy efficiency measures 
as a cost, only 12 states treated any type of participant “non-energy benefits” as a 
benefit.... [M]ost of those “non-energy” participant benefits were confined to “water and 
other fuel savings.” Only 2 states quantified a benefit for “participant O&M savings” and 
none quantified any benefits for things like “comfort,” “health,” “safety,” or “improved 
productivity” in their primary benefit-cost test.  

Not assigning a value to these non-energy impacts, assuming they are positive, can result in negative 
bias in energy efficiency and DER program investment decisions and less than fully effective program 
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participation, designs, and marketing (if program implementers do not focus on the same benefits that 
participants focus on).  
 
Also, while this discussion has primarily focused on energy efficiency activities, DERs also have non-
energy impacts. The primary ones may be utility system benefits such as improved reliability and 
support for renewable resources integration through demand response and storage. Given the potential 
significant value of non-energy impacts, it is possible that more jurisdictions will analyze these impacts 
in the future and take them into consideration 
in cost-effectiveness analyses, such as in the 
societal cost test.39 This may in turn create new 
metrics and the need for EM&V approaches 
that provide the values associated with these 
metrics. 
 
Reduced air emissions associated with the 
production of electricity and thermal energy 
from fossil fuels is an important non-energy 
impact of energy efficiency. Historically, 
emission reductions from energy efficiency and 
DER activities were usually only described 
subjectively in program evaluations as a non-
quantified (non-monetized) benefit. This is 
changing for at least two purposes: (1) to 
improve cost-effectiveness evaluation of 
energy efficiency and DER programs by 
monetizing their environmental benefits, and 
(2) to support state claims of emissions 
benefits in state air pollution plans (e.g., State 
Implementation Plans).  
 
Development of market mechanisms that create monetary value for energy efficiency and related 
environmental benefits has been a long-term goal of the energy efficiency industry.  
 

Energy efficiency set-asides for programs such as the Acid Rain Program and the NOx SIP Call40 provided 
such opportunities, although the uptake of activity was relatively low, in part due to the transaction 
costs and uncertainty associated with the EM&V. New regulations, such as the CPP, provide a new 
opportunity which may catalyze new energy efficiency activity because the CPP specifically calls out 
demand-side energy efficiency as a strategy for meeting the requirements of the CPP.41 The EPA also has 
provided guidance for energy efficiency EM&V in the CPP documents that support industry standard 
best practices, while also acknowledging—and even encouraging—further advances in EM&V 
practices.42 
 
For any type of energy efficiency program, the avoided air emissions are determined by comparing the 
emissions occurring after the program is implemented to an estimate of what the emissions would have 

Energy Efficiency, DERs, and Avoided Air Emissions 
in a Capped Emissions Regulatory Structure 
The level of the cap is an important aspect of an 
emissions cap (or cap-and-trade) program. In general, 
emissions may not exceed the cap, and they are also 
unlikely to be below the cap during any substantial 
period of time. The fact that capped emissions tend 
to remain at the cap level is relevant to the effect of 
energy efficiency in particular (as well as some DER 
activities). This is because reductions in the emissions 
of electricity generators do not alter the overall cap 
on emissions from all electricity generators. That 
means that freed-up emission allowances, due to the 
impact of energy efficiency and DERs on generators, 
can be sold in the market and used elsewhere or 
banked for use in a later year, such that total 
emissions will remain roughly equal to the cap level. 
While energy efficiency does not result in greater 
emission reductions than are specified by the cap, 
energy efficiency has been shown to be a very cost- 
effective way to meet the emissions cap.  
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been in the absence of the program (i.e., emissions under a baseline scenario). Conceptually, avoided 
emissions are estimated using energy savings calculated and one of two approaches:43 a 

 

 Emission factor approach—This approach involves multiplying energy savings by emission factors 
(e.g., pounds of carbon dioxide [CO2] per megawatt-hour) representing characteristics of 
displaced emission sources to compute hourly, monthly, or annual avoided emission values (e.g., 
tons of CO2 per year). There are several sources of emission factors and approaches for 
calculating the factors.  

 Scenario analysis approach—This approach involves calculating a modeling Side Case of source 
(e.g., electricity generating units connected to a grid) emissions without the energy efficiency or 
DER programs and comparing that with the emissions of those sources operating with the 
reduced energy consumption associated with the programs. This approach represents an 
attempt to get a more accurate picture of what emissions are avoided by the actual energy use 
reductions from the efficiency and DER programs, based on when those reductions occur and 
what generation sources would have been used to meet the higher load in the Side Case. 
Emerging metering technologies and analytical tools are able to provide insight into the specific 
time of day, week, or year energy savings are occurring, which can reduce the cost and 
uncertainty level of this approach. 
 

 EM&V Barriers, and the Policies, Programs and Regulations That Address 
Them 

Ensuring that EM&V plays an effective supporting role for energy efficiency and DER activities has 
become increasingly important as these activities have changed and expanded. In particular, interest in 
data-driven policies and regulations, as well as data-driven consumer investment decision-making, 
places increasing importance on EM&V—the source of energy efficiency and DER performance data. An 
overall issue in providing these data is whether EM&V is keeping up with evolving energy efficiency and 
DER activities and supporting greater deployment and the associated positive impacts. This section 
briefly describes two fundamental barriers associated with EM&V for energy efficiency and demand 
response, both related to the fact that savings determinations are estimates: 

 
 The dilemma of balancing rigor with cost—i.e., how to find the right balance of impact 

assessment integrity and cost of implementation, and the ramifications if transaction costs are so 
high that they discourage appropriate energy efficiency and DER activities 

 Defining appropriate baselines, the counterfactual of EM&V. 
 

 Assessing Costs Versus Benefits of Increased EM&V Rigor44 

Because the results from impact evaluations of energy efficiency and demand response are estimates,b 
their use as a basis for decision-making can be challenged if their sources and level of accuracy are not 
described. Minimizing uncertainty and balancing evaluation costs with the value of the evaluation 
information leads to perhaps the most fundamental evaluation question: “How good is good enough?” 
This question is a short version of asking: (1) what level of certainty is required for energy savings 

                                                                                                                     
a The timing of any displaced electricity production, as well as the location of the displaced generation, can affect the amount 
and type of avoided emissions. 
b Impacts from distributed generation and storage are usually directly measured and are not considered estimates. Common 
industry practice for EM&V for these resources does not use counterfactuals; the resources’ impact is determined by measuring 
output. 
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estimates resulting from evaluation activities, and (2) is that level of certainty properly balanced against 
the amount of effort (e.g., resources, time, money) used to obtain that level of certainty?  
 
An important principle associated with addressing “how good is good enough?” is that evaluation 
investments should consider risk management principles and thus balance the costs of evaluation 
against the value of the information derived from evaluation (i.e., evaluation also should be cost-
effective). The value of the information is directly related to the risks of underestimating or 
overestimating the benefits (e.g., demand and energy savings) and costs associated with efficiency 
investments. These risks might be associated with errors of commission or errors of omission. An error 
of commission might be overestimating savings, which in turn can result in continuing programs that are 
not cost-effective or overpaying contractors, program administrators, and participants. An error of 
omission, on the other hand, might be associated with underestimating savings or not implementing 
efficiency actions because of the difficulty in documenting savings, both of which can result in 
underinvesting in energy efficiency and DERs and relying on other energy resources that have their own 
risks and uncertainties.  

 Baselines 

A major complexity of impact evaluation is defining the baseline. Baselines are the conditions, including 
energy consumption and demand, which would have occurred without implementation of the subject 
energy efficiency activity. Baselines can also include definitions of non-energy metrics that are being 
evaluated, such as air emissions and jobs.45 Theoretically, the true energy (or demand) savings from an 
energy efficiency (or demand response) program are the difference between the amount of energy (or 
demand) that participants in a program or a project use relative to the amount of energy (or demand) 
that those same participants would have used had they not been in the program or implemented the 
project during the same time period—the counterfactual scenario. However, we can never observe how 
much energy those participants would have used had they not been in the program or project.46 
Developing baselines is complicated by the widespread confusion about the difference between a 
baseline (what would have happened in the absence of the measure) and attribution (what would have 
happened in the absence of the program).   
 
Selecting an appropriate baseline is both complex and often difficult, but it is fundamental to 
determining the validity of EM&V results. With control group approaches, the baseline is defined by the 
characteristics and energy use of the control group(s). Ideally the control group is selected using 
randomized control trial methods, but in practice control groups are often selected using quasi-
experimental methods that less reliably define a baseline scenario. For impact evaluation approaches 
that do not rely on control groups (deemed savings and M&V), baseline definitions are determined by 
the type of project being implemented, site-specific issues, and broader, policy-oriented considerations. 
These considerations usually result in one of three different types of baselines: (1) existing conditions, 
(2) building energy codes and appliance and equipment standards (C&S), and (3) common practice 
(which can incorporate both existing conditions and C&S baseline assumptions).  

 Policies, Programs, and Regulations That Address These Barriers 

With regard to balancing EM&V rigor with costs, as noted above, the evaluation process should consider 
risk management principles and thus balance the costs and value of information derived from 
evaluation. Impact evaluation is thus about managing risk. Conceptual approaches that draw upon risk 
management techniques provide a useful structure for addressing evaluation issues. Unfortunately for 
energy efficiency and demand response in particular, risk management is hampered by the large 
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number of difficult-to-quantify aspects of evaluation, although the tools for addressing these difficulties 
are improving. Supply-side resources have uncertainty and risks as well (e.g., uncertainties associated 
with future fuel costs). However, perhaps the single most identifiable risk of efficiency is the inability to 
directly measure savings, which creates uncertainty.  
 
To address these uncertainties and risks, current public policy approaches usually involve setting what 
those involved consider to be a reasonable budget first, and then relying on professional judgment of 
the EM&V professionals to find EM&V approaches that match that budget. However, ideally, there 
would be an iterative process of comparing budgets with savings certainty and achieving program goals 
(which can include requirements for process and market evaluations) and then having policy makers or 
regulators determine whether such a level of savings and program goal achievement certainty is 
sufficient. The research gaps section of this appendix identifies a need to improve on this current 
practice. 
 
With regard to baselines, for private sector transactions—for example, between an ESCO and an 
industrial customer—the baseline is typically defined as the existing conditions prior to the energy 
efficiency or DER project implementation. As discussed in Key Findings and Insights near the beginning 
of this appendix, consumers tend to want to know what the savings are compared to actual past energy 
bills, not hypothetical bills.  
 
However, determining baselines is different for public policies. Table 7.13 summarizes standard industry 
practice for determining baselines by program category. Note that these are not mandates; each 
jurisdiction and each program should establish its own baseline scenarios. For utility programs, the 
guidance for baseline definitions is typically set in regulation or implementation guidance, such as an 
EM&V framework. However, in at least one case, for California, the baseline issue has been addressed in 
legislation.47 
 
Table 7.13. Standard Practices for Selection of Baselines for Common Program Categories48 
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 Research Gaps 

In June 2014, the Energy Efficiency Standardization Coordination Collaborative of the American National 
Standards Institute (ANSI) completed a guidance document, Standardization Roadmap: Energy Efficiency 
in the Built Environment. The roadmap defines several aspects of EM&V with gap analyses.49 Table 7.14 
summarizes the EM&V aspects and identified gaps from that effort. More definitive descriptions and 
information are in the referenced report. The ANSI report also identifies the energy efficiency industry’s 
need for workforce credentialing, including in the area of EM&V. 
 
Table 7.14. ANSI-Identified EM&V Aspects and Gaps50 

EM&V Aspect Gaps 

Baselines Support for defining existing conditions and common practice baselines, 
treatment of dual baselines, industrial baselines, non-direct dependence 
on production levels, and automatic benchmarking of commercial and 
residential buildings 

Methods for determining 
annual savings 

Addressing potential inconsistent savings estimates associated with the 
use of standardized documentation, different methods, and assumptions 
through methods to compare results 

Calibrated computer 
simulation used for M&V  

Standardization of calibration 

Statistical M&V methods Quantification of uncertainty in regression and computer simulation 
models, and standardized and general reporting of uncertainty  

Whole-building metered 
analysis 

Standards for data collection and analyses, statistical approaches using 
high-resolution data and automated analyses 

Methods for large complex 
projects 

Guidance on projects with heterogeneous measures and on how to 
present results for such projects 

Effective useful life (EUL) Guidance on the treatment of EULs 

Technical reference 
manuals (TRMs)  

Establishing standard formats and content 

Reporting and tracking 
systems 

Support for a standard set of terms and definitions, and standardized data 
collection and reporting, including addressing central data needs and 
standard savings definitions and program typologies 

Top-down evaluation Support for building a consistent approach to top-down analyses 

Evaluation in financial 
analyses 

Support for developing a systematic framework for analyzing parametric 
uncertainty of efficiency projects and programs, q framework for 
translating engineering uncertainties into financial instrument ratings, 
and q stakeholder process to assess needs  

Conformity 
assessment/accreditation  

Established relationship between conformity assessment standards that 
impact energy efficiency, including impact in risk and financial 
management 

 

The following subsections briefly discuss particular research issues, including those identified in Table 
7.14 and others identified based on current EM&V practices and trends as noted earlier in this appendix. 
All of these data gaps are associated with the need for higher quality and more readily available energy 
efficiency and DER data to assess energy and non-energy impacts and prioritize and support appropriate 
investments in these electricity resources. 
 

 Reliability and Certainty of Evaluated Impacts 

A significant challenge in evaluating energy efficiency and demand response programs is defining the 
reliability and certainty of energy and demand savings estimates. While EM&V seeks to determine 
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energy and demand savings reliably and with reasonable accuracy, the value of the estimates as a basis 
for decision-making can be called into question if the sources and uncertainty level of reported savings 
estimates are not understood and described. While additional investment in the estimation process can 
reduce uncertainty, trade-offs between evaluation costs and reductions in uncertainty are inevitably 
required. Thus, improved accuracy (and associated EM&V costs) should be justified by the value of the 
improved information. Improved methods for defining and reporting metric reliability and certainty can 
increase understanding and confidence in energy efficiency and demand response benefits. This would 
also be helpful for a more structured, risk-management approach to setting EM&V budgets (as discussed 
in the prior section). 

 Input Data Access and Availability Needs 

The availability of large amounts of reliable and short-time interval data have supported improvements 
in EM&V, as described earlier in this appendix. However, these big energy data sets are not necessarily 
all the information needed. Beyond energy use and temperature data that are potentially or already 
readily available are information needs related to:  
 
1. Reliable data at the same level of granularity as the energy use data that may be necessary for 

accurately determining energy savings (examples of matching independent variable data are 
occupancy information, plug load data, and building temperature set-points)  

2. Explanatory data (sometimes called thick data)51 that may be necessary to describe the why of 
equipment and human performance—and thus the observed impacts  
 

With respect to data availability, consumer preference, security, and privacy are issues that continue to 
arise and must be addressed before widespread use of data can be assured. However, these issues seem 
to be surmountable. For example, on January 12, 2015, President Obama announced the release of the 
final concepts and principles for a Voluntary Code of Conduct (VCC) related to the privacy of customer 
energy usage data for utilities and third parties.52 In addition, individual states have established policies 
and regulations associated with protection of consumer energy data.53 

 Consistent Reporting and Program Typologies 

A number of studies have noted that reporting of the savings and costs of energy efficiency (and DER) 
actions varies in comprehensiveness, transparency, and rigor.54 Furthermore, other research on energy 
efficiency programs funded by utility customers has found that program data are often not defined and 
reported consistently among states. Specifically, three key concerns were found in compiling and 
analyzing program information on a regional or national basis, some of which could be addressed by the 
common typology and standardized definitions: (1) savings and program costs are not defined 
consistently, (2) program data are not reported consistently across states, and (3) programs and market 
sectors are not characterized in a standardized fashion.55 Thus, efforts to better standardize EM&V-
related terms, data taxonomy, data dictionaries, and communication specifications are needed to 
enable more consistent (“apples to apples”) comparisons and meaningful summation of results from 
different activities and jurisdictions. Such efforts could also promote better understanding of the 
uncertainty around savings measurements. 

 Timeliness of EM&V Reporting and Utilization 

Delays in obtaining evaluation results from energy efficiency programs have been an ongoing issue for 
decades. While this problem has been less of an issue for non-utility energy efficiency programs and DER 
technologies with more readily available data (e.g., distributed generation) or shorter time periods of 
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interest (e.g., demand response), the typical time required to organize evaluations, gather sufficient 
amounts of data, and analyze and summarize the data is 9 to 18 months from the end of a program 
cycle to the delivery of impact evaluation results (Figure 7.41.) for utility customer-funded efficiency 
programs. Approaches relying heavily on deemed savings and simple project verification tend to require 
less time compared to approaches that require extensive data collection over a wide range of operating 
conditions (e.g., different seasons), such as control group and M&V approaches. Better planning and 
EM&V 2.0 approaches may have the potential to reduce these time frames and make EM&V information 
more readily valuable.  
 
Figure 7.41. Typical timeframe for utility energy efficiency program impact evaluation process56 
 

 
 

 EM&V Factors: Attribution of Savings, Measure Lifetime and Persistence of Savings, 
and Rebound 

Following is a discussion of development needs for three key EM&V factors: attribution determination, 
measure lifetime quantification, and “rebound effect” assessment. 
 
Attribution determination—assessing net savings—involves separating out the energy efficiency and 
DER impacts that are a result of influences other than the program being evaluated, such as consumer 
self-motivation or effects of other programs. Given the range of influences on consumers’ energy 
consumption—and the complexity in separating out both short-term and long-term market effects 
caused by the subject programs (and other programs)—attributing changes to one cause (e.g., a 
particular program) can be quite complex. This issue is compounded by a lack of consensus by 
policymakers and regulators as to which market influences and effects should be considered when 
determining net savings and the role of net savings in program design, implementation, and “crediting” 
of savings to program administrators.57 While the importance of net savings in the future will depend at 
least in part upon the type of energy efficiency programs implemented and whether baselines defined 
as common practice become standard practice, further improvements in attribution assessment 
methods, definitions, and reporting will be helpful. 
 
Energy efficiency measure lifetime is critical to estimating total or lifecycle benefits, calculating cost-
effectiveness, and prioritizing long-term versus short-term investments in energy efficiency and DERs. 
Estimates of lifetime savings also impact load forecasts, estimation of savings potential, the setting of 
performance incentives for program administrators, recovery of lost revenue for utilities, and avoided 
emissions estimates. Better understanding and quantification of the variability of savings over time 
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(persistence) also may be important for at least a subset of energy efficiency actions, measures, or 
programs, including some that are emerging or envisioned as significant sources of savings. However, 
research has found that savings lifetimes may vary significantly within a program category. While some 
of this variability is justified on technical grounds, savings lifetimes and persistence can also vary for 
reasons that may be less accurate or justified, such as different definitions, differing engineering 
assumptions, or different levels of rigor in EM&V.58 Improving the quantification of measure lifetimes 
and understanding of persistence may provide more reliable estimates of savings from energy efficiency 
activities and potential cost-effectiveness of investment in energy efficiency resources. 

 
The “rebound effect” pertains to the economic responses of consumers, firms, and ultimately the overall 
economy to policies and programs that promote end-use energy efficiency. Rebound has long been a 
controversial topic in energy efficiency impact and potential analyses, policies, and budgets. It is 
receiving renewed attention as energy efficiency is increasingly considered as a means of large-scale 
abatement of greenhouse gas emissions. Overall, the literature indicates that there is considerable 
uncertainty regarding the magnitude of the rebound effect. Empirical estimates of the “microeconomic 
rebound”—i.e., at the level of consumers, households, and firms—are consistently positive (non-zero 
and implying a partial offset to absolute energy consumption savings from policies and programs 
predicted by standard engineering calculations). In particular, there is little or no evidence of 
microeconomic “backfire,” the conjectured phenomenon of rebound more than offsetting efficiency 
gains. At the same time, rebound yields an economic benefit by allowing consumers’ and firms’ 
increased consumption of energy services and other goods and services. Uncertainty regarding the 
magnitude of the economy-wide rebound is even greater, and considerable caution is needed in 
interpreting and applying quantitative estimates from the literature, indicating that further research 
would be valuable. 

 EM&V Practitioner Training, Certification, and Independence 

A relatively small, yet vibrant, industry of professionals is involved in EM&V, including: 
 

 Professional consultants hired to conduct potential studies, impact, process, and market 
evaluations. Specifically, for EM&V activities, these consultants can fulfill the role of 
independent, third parties providing evaluated savings values. 

 Staff within utilities and ESCOs, and other program administrators and implementers (including 
some large manufacturing firms and institutions that are consumers), who may conduct the 
same type of analyses as the EM&V consultants, but with focus on claimed savings and 
performance tracking for internal business purposes. 
 

Expanding programs for energy efficiency and DERs, along with advances in EM&V—particularly with 
greater use of sophisticated data analysis tools and use of “smart” technologies—is driving increased 
interest in professional EM&V training and certification. Certifying EM&V professionals could lead to 
more energy efficiency and DERs because funders, regulators, policy-makers, utilities, and consumers 
may have more confidence in the savings determination. A recent ANSI cross-sector effort, the Energy 
Efficiency Standardization Coordination Collaborative, developed roadmaps on a number of energy 
efficiency topics, including workforce credentialing. The document notes that “…unsubstantiated claims 
of competency and inconsistent assessment practices have given rise to a confusing and rather chaotic 
assortment of workforce credentials. The good news is that a core of quality standards and credentialing 
schemes are in place and provide a strong launching pad from which to build a competent workforce. 
The challenge is sorting through the various credentials offered….”59  
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The only directly related EM&V certification is the Efficiency Valuation Organization’s (EVO) Certified 
Measurement & Verification Professional (CMVP) designation.a 60 There are approximately 4,000 
designated CMVPs professionals worldwide, with about 1,000 of those in the United States.61 The 
training is focused on project M&V and not program evaluation. Other organizations such as the 
International Energy Program Evaluation Conference, EPA, and the Association of Energy Services 
Professionals offer education on energy efficiency evaluation. DOE has also sponsored a study to 
investigate the development of a certification for evaluators of energy efficiency program impacts. 
Another topic related to EM&V professionals is independence. There are no formal or universally agreed 
to definitions of independent or third-party evaluators and no well-established precedents as to who 
hires the entities that provide the evaluated savings reports. For utility programs, for example, the hiring 
entity could be the utility regulator, the program administrator, or perhaps some other entity. However, 
in general practice, “independent third party” means that the evaluator has no financial stake in the 
evaluation results (e.g., magnitude of savings) and that its organization, its contracts, and its business 
relationships do not create bias in favor of, or opposed to, the interests of the program administrator, 
implementers, participants, utility customers, or other stakeholders. State regulatory bodies have taken 
a variety of approaches to: (1) defining the requirements for evaluators who are asked to review the 
claimed savings and prepare evaluated savings reports, and (2) deciding who hires that evaluator.62 This 
area has gained increased interest as the topic and requirement for independent verifiers is indicated in 
the CPP.63 

 Opportunities for Further Development of EM&V Methods: Deemed Savings, 
Randomized Control Trials, EM&V 2.0, and Top-Down Evaluation 

The following are discussions of four EM&V methods where development needs have been identified: 
Deemed savings can be integral to reliable and cost-effective EM&V. However, deemed savings values 
must be developed and used correctly (e.g., values are applied only where they are applicable). Reviews 
of deemed savings values and their documentation have raised concerns with consistency in methods 
and assumptions used to develop values, transparency, clarity, and accuracy.64 More resources and 
standardization in the development and application of deemed savings could increase their use. CPP 
documents provide examples of criteria that could support such enhancements.65 
 
Randomized control trials (RCTs) are considered to be the gold standard for documenting energy savings 
from energy efficiency programs. The statistical validity of more conventional approaches and EM&V 2.0 
approaches, as compared to RCTs, has not been rigorously tested. Some studies have shown that 
alternative methods do not produce energy savings estimates that are similar to those of an RCT.66 
However, RCTs themselves have limitations related to both methodology and pragmatic concerns. These 
include but are not limited to population availability, data contamination, time for follow-up, external 
validity, cost, ethics, informed consent, and the inhibition of innovative research questions.67 Applying 
practices in the broader field of statistics and econometrics may help support further development of 
RCTs for energy efficiency and DER programs, as well as for analyses used in EM&V 2.0. 
 
EM&V 2.0, including auto-M&V, are fields with significant potential for improving confidence in the 
performance of energy efficiency and DER technologies. Diverse industry stakeholder groups have 

                                                                                                                     
a “EVO offers worldwide the Certified Measurement & Verification Professional (CMVP) designation. The right to use the CMVP 
title is granted to those who demonstrate proficiency in the M&V field by passing a four-hour written exam and meeting the 
required academic and practical qualifications. EVO’s certification level training is offered as preparation for the exam and as a 
review of basic principles for experts.”  
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expressed interest and engagement in the topics of streamlining the M&V process, leveraging 
automation and emerging analytics tools, and validating whole-building approaches to M&V. Further 
research is needed on validating energy savings predictions and the automated tools that develop such 
savings.68 69 

 
Top-down evaluation is an EM&V approach that shows promise but has not been used, or even piloted, 
in many applications. However, as data availability increases, analysis standards should also progress. 
Opportunities to advance top-down evaluation include guidance documents that could improve the 
reliability of top-down evaluation results; coordination among entities applying or considering top-down 
evaluation; additional, rigorous top-down pilot evaluations and research; efforts to increase consistency 
in top-down evaluation terminology; and governmental efforts to help improve the quality and 
availability of the underlying data used in top-down evaluations.70 

 EM&V for Transmission and Distribution (T&D) System Efficiency 

Transmission and distribution efficiency is an area of growing interest, and while EM&V is conceptually 
straightforward, in practice it can be complicated (and thus expensive in some cases) to determine 
reliable energy savings values. While T&D EM&V practices are a work in progress, EM&V for 
conservation voltage reduction and voltage optimization is more advanced, with several ongoing efforts 
to both develop protocols and evaluate programs. Further development of T&D EM&V methods would 
support initiatives to increase electricity savings within the T&D system. 

 EM&V for Codes and Standards 

As noted earlier in this appendix, ex-ante estimates of building code impacts are common, whereas ex-
post evaluation and determination of energy savings from building energy code adoption and 
compliance activities are not as well established. Given their importance as energy and demand savings 
strategies, further development of EM&V methods and encouragement of ex-post evaluations 
documenting impacts and lessons learned would support initiatives to strengthen codes and standards. 

 EM&V for Financing Programs 

Utility customer–supported financing programs are receiving increased attention as a strategy for 
achieving energy saving goals. These financing programs have unique aspects that may create challenges 
in adapting traditional evaluation approaches for assessing their impacts, cost-effectiveness, and 
efficacy. Many consumers can finance energy efficiency projects using private options. Thus, it is 
important for evaluations to focus on what savings attributed to financing are truly “additional” or 
would have occurred even in the absence of a utility customer-funded program.  
 
As noted in a recent report,71 the most promising methods for assessing the impacts of energy efficiency 
financing are a matter of some discussion within the evaluation community. More research and field 
experience may be needed before best practices can be established. In particular, development of cost-
effective methodologies for estimating savings that are attributable to financing efforts is needed. Data 
collection, including surveying methods specific to efficiency financing, require further definition as part 
of such methodologies. Guidance also is needed on effective experimental and quasi-experimental study 
designs. In addition, more research is needed on program logic models for efficiency financing programs 
that seek to transform markets and metrics that are appropriate for measuring progress.  
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 EM&V for Non-Energy Impacts 

Over at least the last 20 years, the non-energy impacts of energy efficiency and DERs have been 
subjected to research, development, and application of EM&V methodologies, and use in various cost-
effectiveness tests.72 This experience has helped to change stakeholders’ perception of non-energy 
impacts from one of general unfamiliarity and skepticism to acknowledgement that some non-energy 
impacts—particularly benefits—are important to understand, measureable, and critical to increasing the 
uptake of energy efficiency and DERs. However, additional effort is needed to further develop more 
robust methods for assessing each of the categories of non-energy impacts identified in Section 7.8.4.3: 
utility systems (e.g., power quality, substation infrastructure), society as a whole (e.g., water 
infrastructure, jobs), and individual participants (e.g., enhanced productivity, health). Related to 
improving these methods is the need to develop improved confidence in applying non-energy impacts in 
cost-effectiveness analyses as well as capacity building in terms of increased communication of such 
impacts and additional, trained professionals to assess the impacts.   
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